Eight strains of influenza virus were titrated as plaque-forming units in both monolayers and suspensions of chick embryo cells. In the absence of trypsin, satisfactory plaques were formed only by the A/WSN strain of virus. When trypsin was included in the overlay medium of cell monolayers, all the influenza virus strains tested produced plaques, and the plaque infectivities of all but one strain were close to the egg infectivities. Using cells suspended in agar in the presence of trypsin, four strains gave plaque infectivities indistinguishable from egg infectivities, two strains formed plaques with rather low efficiency and two strains did not produce plaques. Plaque formation was also enhanced by pro~.ase or subtilisin. A preliminary investigation was made of the mode of action of trypsin.
INTRODUCTION
Many types of investigation on influenza viruses are hindered by the lack of a convenient plaquing procedure. A few strains of virus, notably A/WSN and fowl plague, readily produce plaques in primary cultures of chick embryo cells, and these have received a possibly disproportionate amount of study. But most influenza viruses form plaques, if they do so at all, only in cell cultures that are less widely available. In the course of developing an infectivity assay for the influenza virus recombinant A]BEL (Schild, McCahon & Kendal, I97O), we noted that the formation of plaques in chick cell cultures was greatly enhanced by the inclusion of trypsin in the overlay medium. A similar observation was made by Came, Pascale & Shimonaski (I968) , who used pancreatin to facilitate plaque formation by influenza viruses, and recently Tobita & Kilbourne (I974) reported the formation of plaques by two strains of type B influenza virus in the presence of trypsin.
We describe here two methods of plaque assay which are based on this phenomenon. All strains of influenza virus that were tested formed plaques by at least one method, and most could be titrated with a sensitivity equal to that found in eggs.
METHODS
Viruses. The influenza virus used for most of this study was the recombinant A/BEL/42-Singapore/I/57 (HON2) of Schild et al. (I97O) Plaque assay procedures. (I) In monolayers: with the exception of strain A/WSN, the viruses used in this study formed plaques either poorly or not at all in chick embryo cell monolayers when these were incubated without trypsin. The following procedure gave the best results. Plastic Petri dishes, 5 cm in diam., were sown with 5 × Io~ chick cells in 5 ml Medium I99 containing 0"o4 % bicarbonate and 0"5 % bovine serum albumin. On the following day, the medium was aspirated from the cultures and o. t ml samples of virus suspensions diluted in phosphate buffered saline, pH 7"4, plus 1% bovine serum albumin were allowed to adsorb at room temperature for I h. The cultures were overlaid with 5 ml Medium I99 plus 0.5% Difco !onagar no. I and ioo/zg/ml DEAE-dextran and were incubated in air at 36 °C. Plaques formed by the A/WSN strain of virus were stained by overlaying after 3 days with 2 ml agar medium containing 0"o05 % neutral red and were counted on the following day. Plaques formed by other virus strains werL poorly revealed by staining with neutral red. A more satisfactory procedure was to lift off the agar after about 6 days, rinse the monolayers with ethyl alcohol and allow them to dry at room temperature. Plaques could then be counted as opaque foci most easily visible under semi-darkground illumination.
When trypsin was to be included in the medium, a 1% solution of crystallized trypsin (Armour Pharmaceutical Company Ltd.) in IO -3 ~-HC1 was added to the overlay medium to give a concentration of Io #g[ml. After incubation at 36 °C for 3 to 6 days, plaques were stained by the addition of a neutral red overlay and were counted on the following day.
(2) In suspension: o.i ml samples of diluted virus were added to I o a chick cells, suspended in 2. 5 ml Medium I99 in I oz bottles. Double strength agar medium, consisting of 2"5 ml Medium 199 plus 1% Ionagar no. I and 20o/~g/ml DEAE-dextran, was added to each bottle, mixed thoroughly and poured into 5 cm diam. Petri dishes. When trypsin was used, it was added to the double strength agar medium at IO/zg/ml, giving a final concentration in the cultures of 5/~g/ml. Cultures were incubated for 3 to 6 days, and the plaques were stained with neutral red as described for assays in monolayers.
Egg infectivity assays. Groups of IO to 25 I I-day hens' eggs were inoculated in the allantoic cavity with o.i ml samples of diluted virus suspension. After incubation at 36 °C for 2 days, the eggs were tested for infection by the ability of their allantoic fluids to agglutinate chicken red cells. The infectivities of virus suspensions were expressed as loglo (EID/ml), which were obtained by subtracting o-I6 from estimates of loglo (EIDso/ml) and then rounding to one decimal place. Unless otherwise stated, infectivities were derived from the combined results of several tests, using a total of at least 8o eggs inoculated with virus dilutions that gave an infection rate between 20 % and 80 %.
RESULTS

Plaque assay in cell monolayers
When the A 57 strain of virus was titrated in chick cell monolayers without trypsin, the plaque infectivity was only about 5% of the egg infectivity (Table I) . Plaques were very indistinct when the monolayers were stained with neutral red 6 days after infection (Fig. Ia) , and they were sometimes difficult to count even when the alcohol 'staining' method was used. However, when trypsin was included at Io #g/ml in the overlay medium, small plaques were visible 2 days after infection and by 4 days they were clearly defined and about 4 mm in diam. (Fig. ib) . The plaque infectivity in the presence of trypsin was indistinguishable from the egg infectivity (Table I) . (EID/ml)* trypsin
Io Izg/ml I 8'9 7"7 9"0 2 9-0 7"5 8-8 3 8"7 7"6 9"0 4 9"0 7"8 8"9
* Only 20 to 30 eggs per titration. Monolayers under an agar overlay containing trypsin were rather easily damaged, and microscopic examination showed that the ceils were rounded and only loosely attached to the Petri dish surface. Nevertheless, concentrations of trypsin up to I oo #g/ml were tolerated; these higher concentrations did not further enhance plaque formation. Trypsin at levels between i and 5 #g/ml had less effect on plaque formation and, somewhat surprisingly, caused the monolayers to become extremely fragile. Below I #g/ml, trypsin did not affect plaque formation.
In contrast to the influenza virus strain A/BEL/42-Singapore/I]57, strain A/WSN produced large plaques in the absence of trypsin (Fig. I c) , and the plaque infectivity approximated to the egg infectivity (Table 2) were not significantly different from their egg infectivities (Table 2 ). The only type B influenza virus to be used, B/Lee/4 o, produced plaques both with and without trypsin, but trypsin increased the plaque infectivity about tenfold to the level of infectivity found in eggs. 
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Plaque assay in cell suspensions
In the absence of trypsin, only the A/WSN strain of virus formed good plaques by the suspended cell technique (Fig. 2a) ; as in monolayers, the plaque infectivity was similar to the egg infectivity (Table 2) . Strains A/BEL A/BEL[42, A/PR[8/34 and B] Lee]4o also formed plaques, but these were very small and indistinct and the infectivity was less than 1% of that in eggs (Table z) .
When trypsin, 5/zg/ml, was included in the medium of suspension cultures, most virus strains produced good plaques (Tables 2 and 3 pension even in the presence of trypsin. With strain A/WSN, trypsin increased the size, but not the number, of plaques in suspension ( Fig. 2c ; Table 2 ).
Further studies on the action of trypsin Effect of trypsin inhibitor
To exclude the possibility that plaque enhancement was caused by some impurity in the trypsin preparation, a solution of trypsin containing 0"5 mg/ml was mixed with various concentrations of soybean trypsin inhibitor (Calbiochem Ltd) and was then used at io/~g/ml in the monolayer plaque assay of A virus. The enhancing action of the trypsin was greatly reduced by o'5 mg/ml of trypsin inhibitor and abolished by I mg/ml. Hence, trypsin itself was responsible for the effect on plaque formation.
Pre-incubation of medium with trypsin
To test whether trypsin might act by destroying an inhibitor in the medium, agar overlay medium was incubated with trypsin (50 #g/ml) at 36 °C for 24 h. The medium was then heated at IOO °C to remelt the agar and to inactivate the trypsin, and was used as overlay for the plaque assay of A/BEL[42-Singapore/I[57 virus. The trypsin-treated medium did not enhance plaque formation, although it still permitted satisfactory plaque formation if further trypsin was added. Therefore trypsin did not act by removing a pre-existing virus inhibitor from the medium.
Time of action of trypsin
Trypsin was added to cultures or its action was halted at various stages of the plaque assay procedure. In one experiment, chick cell monolayers were exposed to trypsin at IO #g/ml in Medium 199 for 5 h at 36 °C before infecting with A[BEL/42-Singapore/I/57 virus; the cultures were then incubated under overlay medium without trypsin. This pretreatment of the cultures with trypsin did not enhance plaque formation.
In the second experiment, replicate suspension cultures were infected with about 5o p.f.u.
of A/BEL[42-Singapore[I/57 virus and incubated either with or without trypsin (5 #g/ml) in the medium. At daily intervals, an overlay containing soybean trypsin inhibitor was added to groups of cultures with trypsin and an overlay containing trypsin was added to groups without trypsin. Plaques were counted 4 days after the addition of trypsin. Some cultures containing trypsin were also stained at daily intervals to follow the normal course of plaque • From three cultures. ~f Identical groups of cultures. :~ Semiconfluent due to large size of plaques.
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development. The results (Table 4) showed that trypsin inhibitor halted plaque development when added as late as 2 days after infection, indicating that trypsin was needed continuously during the period of plaque formation. Further, plaques developed even when trypsin was not added to the cultures until 4 days after inoculation of virus, and their final numbers were only slightly reduced compared with control cultures. This suggests that trypsin was not required for the initial infection of chick cells but it was required to enable the infection to spread sufficiently to produce plaques.
Effect of other proteases
Some other proteolytic enzymes were tested for their ability to enhance plaque formation by the A[BEL[42-Singapore/I/57 strain of virus in suspended cell cultures. Pronase (KochLight Laboratories Ltd) at Io/zg/ml and subtilisin (Sigma Chemical Company) at I/zg/ml were approximately as effective as trypsin at 5/zg/ml. Pronase, which is a mixture of proteases obtained from Streptomyces griseus, was fractionated on a column of Sephadex G-75
by Dr J. D. Oram, and the plaque enhancing activity was found to be associated with a fraction having trypsin-like specificity. Two other enzymes, c~-chymotrypsin (Worthington Biochemical Corporation) and thermolysin (Calbiochem Ltd) had no plaque enhancing action at concentrations from I to Ioo/zg]ml. The enhancing activity of pronase (Io/zg/ml) was abolished by the inclusion of soybean trypsin inhibitor (to/zg/ml) in the medium, but that of subtilisin (t/zg/ml) was unaffected by trypsin inhibitor at concentrations up to 80/zg/ml.
DISCUSSION
The A/WSN strain of influenza virus is well known to form plaques in monolayer cultures of chick embryo cells, and it is now evident that the virus can be titrated with equal efficiency in chick cell suspensions in agar. The ability of other strains of influenza virus to produce plaques in cultures of chick cells in the presence of trypsin should allow these readily available cells to be used more widely in studies requiring the titration of plaque isolation of influenza viruses. For virus strains that formed plaques both in monolayers and in cell suspensions, the latter method was more convenient; no preliminary preparation of monolayers was required, no problem arose from fragility of the monolayers, and the plaques tended to be clearer and more easily counted than in monolayers.
The mechanism by which trypsin enhances plaque formation might relate to some aspects of the replication of influenza viruses. The results reported here show only that trypsin was required during the whole period of plaque development and therefore presumably acted on successive virus growth cycles. We are investigating this problem further. Came et al. (I965) suggested that pancreatin produced its effect by an action on the host cells. However, we have found that the infectivity of influenza virus grown in chick cell cultures was increased about tenfold by incubation with trypsin. Hence, the enzyme may facilitate the development of plaques by acting on the released virus particles, as was described for reovirus by Spendlove & Schaffer (i965) .
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